The low energy scattering of electrons by different neutral atoms has been treated by assuming that the atomic wave functions remain unchanged even at the presence of the scattered particle and by neglecting the exchange between the scattered electron and the bound electrons. The potential term in the differential equation of the scattered particle is exactly the atomic potential of the neutral atom and is approximated by analytical expressions, yielding the potential scattering equation. The variational treatments of HULTHEN, KOHN and a related one suggested by MALIK, are applied to solve this equation for a HARTREE atom with 1 = 0. The scattering by He, C and N is treated explicitly and the results of He indicate that in this way one may get some good result without going into the great complexity of the many body problem. It is further pointed out that the study of scattering by neutral atoms near zero energy under this model may serve as a possible mean to investigate the existence of different negative ions and their number of bound states. It seems from this point of view that He", CT and N~ for this model may exist and have one bound s-state.
The elastic scattering of electrons by neutral atoms as well as the formation of the negative ions are of great interest in connection with upper atmosphere physics as well as astrophysics. Apart from that the partial scattering cross sections are needed in order to calculate the diffusion cross sections. Since the energy where only the elastic scattering takes place, is of the order of 0 to 50 eV, the usual treatment by the BORN approximation loses its validity. On the other hand the accurate treatment of the scattering by atoms is a very complicated problem. Accurate accounts are available only for scattering by Hydrogen and to a certain extent by Helium 1 , Argon 2 , Krypton 3 , and Sodium 4 . We shall try here to formulate a semi-phenomenological method which may be termed as potential scattering model. Although it may not have the same accuracy as when one would treat each case separately it is simple and may give appreciably better results than the BORN approximation. Furthermore it seems that this method may serve as a mean to establish the existence of different negative ions as well as the number of bound states available. The scattering by the THOMAS-FERMI atom for elements Z = 57 to Z = 90 has been investigated by ROBINSON 5 who integrated the wave equation for the scattered electron numeri-L. B. ROBINSON. Phys. Rev. 117, 1281 [I960] .
cally. TIETZ 6 has used the BORN approximation with the same type of potential used here. A perturbational approach of the type of BRUECKNER and WATSON 7 to this problem has been studied by LIPPMAN, MITTLEMAN and WATSON 8 ' 9 who try to get a scattering potential by rearranging different perturbation series. But it seems that their approach may have similar limitations as other methods and is quite complicated. It is in fact difficult to see the amount of labour that will be involved and the accuracy that may be obtained unless some concrete problem is worked out by their approach.
I. Derivation of the scattering equation
In deriving the scattering equation, we shall usually neglect the PAULI principle and the so-called polarisation effect but we shall all along sketch the type of modification that will come in due to PAULI'S principle and at the end indicate a possible approach to consider polarisation. In general we shall refer to the scattering of electrons by atoms but it is obvious that the method works also for the scattering of any particle.
Assuming the nucleus to be at rest having infinite mass and charge Z, the non-relativistic HAMiLTONian 0 T. TIETZ. Ann. Phys. (7) 3. 105 [1959] . 7 see ref. 8 where we have used the atomic units of HARTREE i. e. h = m = e= 1 .
Ii is the position vector of the z-th electron from the nucleus, r,-= | TJ |, and is LAPLACE'S operator acting on the z-th coordinate.
(1) can obviously be written as
If Y>(<Ji> • • • Q.v + i) be the wave function of the system, the SCHRÖDINGER equation is
where E is the total energy of the system and Qj, CF2...PV + I are the configuration and spin coordinates.
Let 0.Y be the total wave function of the atom, given by
We write
Multiplying (4) has been used, and Ek = E -E\ is the energy parameter for (./V+ l) st particle.
We may note that to be more accurate one has to antisymmetrize the right hand side of (6) properly. If one makes allowance in this way for the exchange between (/V+l) st particle and each of the N particles, one will obtain an integro-differential equation instead of (7). The exchange between the N atomic electrons has been in principle taken into account.
The second term on the left hand side of (7) is a function of r.v + i alone and may be looked upon to be the effective potential acting on F(XN + I) ; it is in fact what HARTREE denotes Zp/r^ + i .So (7) may be formally written as (dropping the suffix)
We expand (8)
where YI M(@,<P) is a normalised spherical harmonic. By multiplication of (8) 
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The function V(r) in (7) will take a different form depending on the approximation used for 0 . Although (7) is the HARTREE equation for ^(R.y + I); the essential idea of self consistency is dropped out in deducing (7). In calculating 0 through (5) the presence of F(x) is neglected. This corresponds to the physical picture that the atom remains unperturbed even at the presence of the scattered particle. An improvement to this may be done by introducing a so-called polarisation potential.
For V(R) in (8) Phys. Rev. 104, 1298 [1956 . where Xi is the phase shift for the /-th partial wave, the scattering amplitude f (0) is given by
where P/(cos 0) is the /-th LEGENDRE polynomial. The differential cross section for the scattering into the solid angle dQ in direction 0 is
1(0) dQ = |/(@) | 2 dü
and the total cross section
.,
1=0

II. Relation between the phase shift and the existence of negative ions
Apart from the obvious simplicity of the eq. (10) [together with (11)], one can now use the different theorems connected with the potential scattering theory. Studying the behaviour of the analytical extension of the phase shift in the complex energy plane, one will get information on the bound states given by the potential in (10). LEVINSON 13 has proved a theorem connecting the number of bound states and the phase shift X. This may be stated as follows:
* There is however a conjecture due to SWAN that if PAULI principle is included, LEVINSON'S theorem would be X(0) = (n + /n) n where n is the number of extra nodes coming in due to PAULI principle.
If the scattering potential V(r) is a continuous (or at least piecewise continuous) function of r and if j
o 1 then either
where m is the number of eigenvalues on the positive imaginary axis of the A:-plane. In our case the first of the two equations holds.
Since from the physical point it is clear that a particle with infinite energy will not see the finite potential at all, X(k= oo ) = 0 .
Studying the behaviour of the phase shift near the zero energy scattering, one can get information on the number of bound states available for a potential satisfying (14).
The potential in (10) as given by (11) satisfies (14) obviously. From the value of X(k = 0) it should be possible to say if a negative ion of an atom whose corresponding potential is used in (11) exists and if so, the number of available bound states of this ion can be known. The physical atom for which exchange and the polarisation effects must be included, differs certainly from the HARTREE atom, that will be used here. The experience shows that usually the polarisation and exchange potential will make the attractive potential deeper, so that one might expect that the number of bound states occurring in the HARTREE atom will also accur in the actual ion *. So this model may serve to study the existence of different negative ions as well as the number of their bound states.
III. Variational solution
In order to find a suitable solution of eq. (10) SLi=-hda or <$(£, + A; a) = 0 .
For the correct solution is a = tan X .
Henceforth we are omitting the index I from L/. Table I b gives the values of the parameters a and b. The column "integration for tan ^H" means the integration of the left hand side integral of (19 a) (divided by k), using HULTHEN'S parameters for the wave function. It is a check for HULTHEN'S method, and should be equal to an • L^/k and Ljk are given as check of KOHN'S and the last method respectively. It seems that the two term exponential potential is a good approximation of the HARTREE field and since this potential satisfies the condition (14) and the zero energy phase shift tends to n, one may conclude from § II, that the two term exponential potential corresponding to HARTREE field is strong enough to have a bound state. Since the net effect of the exchange and polarisation terms is expected from experience to make the potential more attractive, this makes the existence of He" ion plausible; contrary to the usual belief. It may of course be very loosely bound. But if it does exist and has an energy of the order of -0.5 eV, this will certainly have influence on the continuum of the photosphere spectrum of the sun, where there is indeed still some discrepancy between the theory and the observation. The free-free and the bound-free transitions of He~ will give contribution to this continuum spectrum.
IV. Results and Discussions a) Scattering by helium atoms:
b) The scattering by carbon atoms: An approximation of the HARTREE field by three exponential functions has been used to calculate the s-wave scattering in this case (s refers here only to the angular momentum of the scattered particle, the total angular momentum is different). The parameter c has been chosen in such a way that the three methods give the same result and varies slightly from higher to the lower energy, where it becomes constant.
Table II a gives the phase shift, and the total cross section. Table II b gives the values of the parameters together with L^/k , integration for tan and Lt/k . Fig. 2 a plots the phase shift against the energy, and Fig. 2 b gives the total cross section as a function of energy. The zero energy phase shift X = 7i confirms the existence of the already established CT ion. Table II . Elastic scattering of low energy electrons by the neutral Carbon atom (for s-wave). In Table III Table III . Elastic scattering of low energy electrons by the neutral Nitrogen atom (for s-wave).
obtain a dissociation energy of 0.5 eV for N~ whereas BATES and MOISEIWITSCH 20 come to the conclusion that N~ ion is unlikely to exist. While BRANSCOMB'S 21 experiment is uncertain about the existence of N~, the experiment of BOLDT 22 on the spectrum of gas discharge in N shows a continuum which he could explain by the bound-free transition of N~. The existence of the N~ ion will be of interest in connection with upper atmosphere physics.
In conclusion, we may mention that a general computation program for the electronic computer G 2 has been set up to calculate the scattering by any neutral atom having atomic number Z < 80 with the trial function (21) for c±d but c + d< 8 in the energy range 0 to 54 eV and for a potential represented by at the most three exponential functions. This program is available for any particular interest. The functional L given by (15) and the expression for a k given by (19 a) are noted in the appendix.
For details, we may note that the scattering by oxygen, fluorine and potassium has been tried under this scheme but from the criteria of reliability of the variational methods it seems that the results obtained are unreliable and c varies very much if one wants to choose it in such a way that all variational methods give the same result. This may be due to the fact that in all these cases more than one bound state exist and the ansatz (21) is not good; one may have to use some more exponential functions in (21).
All calculations are done on the electronic computer G 2 at the Max-Planck-Institut für Physik und Astrophysik.
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